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© CatoJyrta, method of preparing these catalyst*, and pofymerlietJon processes wheretn these catalysts are used 

® t ,s ****** com ° InI "0 a bts(cyclopentadie- of boron atoms capable of stabilizing the zirconium cation 

2^^232^? "* bS r£PreSented ^ ™ " ^^ga^d^numbarof SrtlZ^ 
ine following general formula 9: v^irh r« fn^n «. » ^ . 



the following general formulae: 

(A-Cp)MXiXj 

(A-CpJMXSX'i 

(A-Cp)ML; end 

(Cp'jJCpflJMXt 
wherein: 

M Is a metal selected from the Group consisting of titanium (Tt), 
ztrcorium (Zr| and hafnium (Hf); (A-Cp) (s either (Cpl(Cp') or 
Cp-A'-Cp* and Cp and Cp* ere the same or different 
substituted or unsubsUtuted cyctopentadteny! radicals; A* la a 
covatent bridging group containing a Group /V-A element; L Is 
an olefin. dloJetm or aryne llgand; X t and Xj are, Independently, 
selected from the Group consisting of bydrtda radicals, 
rtvdrocarbyt radicals, subsritulBO^rrydrocarbv} radicals organo-' 
metalloid radicals and the E*e; X' t and X% m Joined end bound 
to the metal atom to form a mstaRacycte, m which the metal X* i 
and X'a form a tydrocarbocycOc ring having from about 3 to 
about 20 carbon atoms; and R Is a subsUtuert on on© of the 
cydopentadienyt radicals which Is also bound to the metal 
atom. 

with a second compound comprising a cation capable of 

dAKilim a rvn*m »>u< . k..tu. ■ . . . 



donatooa orotonT^LTT 2. T, ^ 8 W W™**>* or substi!utod-rrv<Jrt»uttf radical, a phoaphoolum 
oonabng a proton and a bulky. tabSe anion cornpristng a pruraflty or substltuted-r^sphonlum radical having up to 3 hydrogen 



which Is formed as a rasutt of the combination, said second 
compound having one of the following general formulae- 

[L'-H]I{CX) t (BX%0r b )o. 
Wherein: 

L'-H is either H*. ammonium or a substmrted-ejnmonium 
radical having up to 3 hydrogen atoms replaced wtth a 
hydrocarbyt or substmjtaoMTyo^ocarbyl radical, a r^osphonlum 
or substtorted^osptonfum radical having up to 3 hydrogen 
atoms replaced with a rrydrocarbyl or substtrutad-hydrocarbyt 
radical and the Gke; B and C are, respectively, boron and 
carbon; XX* and X* are radicals selected, trvJependertffy, from 
the Group consisting of hydride radicals. haUde radicals, 
hydrocaroyt or substftuted-rrydrccaroyl radicals, organo-rrtetal- 
rold radicals and the Ske; a and b era Integers £ 0; c b an 
Integer fel; a + B + c - an even-numbered Integer from 2 to 
about 8. and m b an Wager ranging from 5 to about 22. 

^H(l(CXj).(BX4) q r(X«M c '*l3M"*l*- 
Whereln: 

L'-H b either H», ammrjnlum or a substltuted-anvnemhim 
radical having up to 3 hydrogen atoms replaced wtth a 
hydrocarbyl or subslitute^rydrocarbyt radical, a phoaphonlum 
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atoms replaced with a hvdrocarbyl or substituted-hydrocaroyl 
radical and the Eke: B, C. M and H are. respectively, boron, 
carbon, a transition metal and hydrogen; Xj, Xt and X$ are 
radicals selected, independently, from the Group consisting of 
hydride radicals, haWe radicals, hydrocarbyi or substituted-hy- 
drocarbyl radicals, organtwnetaflotd radicals and the Eke; a* and 
b' are the same or a different integer £ 0; c* b an Integer £ 2; 
a' + b' + c* - an even-numbered Integer from 4 to about 8; m' 
Is an Integer from 6 to about 12; n Is an Integer such that 2c'- 
n - d* and d Is an Integer 1. 

Many of the catarysts thus formed are stable and Isdable and 
may be recovered and stored. The catalysts may be preformed 
and then used to polymerize olefins or the catarysts may be 
formed In situ during porymertzatton by adding the separate 
components to the pdymerizatlon reaction. The catarysts wfl] 
be formed when the two components are combined at a 
temperature within the range from about -100*C to about 
300°C. The catalysts thus prepared afford better control of 
polymer molecular weight and are not subject to equilibrium 
reversal. The catalysts thus produced are also less pyrophorfc 
than the more conventional Zlegler-Natta olefin polymerization 
catalysts. 
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Description 

CATALYSTS. METHOD OF PREPARING THESE CATALYSTS, AND POLYMERIZATION PROCESSES 
WHEREIN THESE CATALYSTS ARE USED 

This is a Continuatiofvin-Part of U.S. Patent Application Serial No. 011,471. filed January 30. 1987, 

5 

BACKGROUND OF THE INVENTION 

This invention relates to compositions of matter useful as catalysts, to a method for preparing these 
catalysts, to a process wherein these compositions of matter are used as catalysts and to polymeric products 
produced with these catalysts. More particularly, this invention relates to catalyst compositions, to a method of 

w making said catalyst compositions, to a method for polymerizing olefins, dioleflns 8nd/6r acetylenlcaJly 
unsaturated monomers wherein these catalysts compositions are used, and to polymeric products produced 
with these catalyst compositions. 

The use of soluble Ziegler-Natta type catalysts in the polymerization of olefins Is, of course, well known in the 
prior art. In general, these soluble systems comprise a Group fV-B metal compound and a metal elkyt 

15 cocatalyst, particularly an aluminum eJkyt cocatalyst. A subgenus of these catalysts Is that subgenus 
comprising a bls{cyclopentadienyl) compound of the Group IV-8 metals, particularly tKanium, and an 
aluminum afkyt cocatalyst. While speculation remains concerning the actual structure of the active catalyst 
species in the subgenus of soluble Ziegler-Natta type olefin polymerization catalysts, It would appear generally 
accepted that the active catalyst species Is an ion or a decomposition product thereof which will alkylate an 

20 olefin In the presence of a labile stabilizing anion. This theory may have first been advocated by Breslow and 
Newburg, and Long and Breslow, as indicated In their respective articles eppearing In J. Am. Chem. Soc, 1959. 
Vol. 81. pp. 81-56. and J. Am. Chem. Soc.. 1960, Vol. 82, pp. 1953-1957. As indicated in these articles, various 
studies suggested that the active catalyst species Is a tltanium-alky! complex or a species derived therefrom 
when a titanium compound; viz., bis(cyclopentadienyt)1rtanium dihalide, and an aluminum aikyl are used as a 

25 catalyst or catalyst precursor. The presence of ions, all being In equilibrium, when a titanium compound Is used 
was also suggested by Dyachkovskll, vysokomol. Soyed., 1965, Vol. 7, pp. 114-115 and by Dyachkovskfl. 
ShUova and Shilov, J. Polym. Sci., Part C. 1967, pp. 2333-2339. That the active catalyst species Is a cation 
complex when a titanium compound is used, was further suggested by Eisch et el., J. Am. Chem. Soc., 1985, 
Vol. 107. pp. 7219-7221. 

30 While the foregoing articles teach or suggest that the active catalyst species is an Ion pair and, particularly 
an ion pair wherein the metal component is present as a cation or a decomposition product thereof, and while 
these references teach or suggest coordination chemistry to form such active catalyst species, all of the 
articles teach the use of a cocatalyst comprising a Lewis acid either to form or to stabilize the active ionic 
catalyst species. The active catalyst Is, apparently, formed through a Lewis acid-Lewis base reaction of two 

35 neutral components (the metallocene and the aluminum aikyl), leading to an equilibrium between a neutral, 
apparently inactive, adduct and an Ion pair, presumably the active catalyst. As a result of this equilibrium, there 
is a competition for the anion which must be present to stabilize the active cation catalyst species. This 
equilibrium is, of course, reversible and such reversal will deactivate the catalyst. Moreover, the catalyst 
systems heretofore contemplated are subject to poisoning by the presence of basic Impurities in the system. 

40 Further, many, if not ail, of the Lewis acids heretofore contemplated for use in soluble Ziegler-Natta type 
catalyst systems are chain transfer agents and, as a result, prevent effective control of the product polymer 
molecular weight and product molecular weight distribution. Still further, most, if not all, of the cocatafysts 
heretofore contemplated are hlghi/ pyrophoric and, as a result, somewhat hazardous to use. 
The aforementioned catalyst systems have not, generally, been particularly active when zirconium or 

45 hafnium Is the Group IV-B metal used. Recently, however, it has been found that active Ziegler-Natta type 
catalysts can be formed when bls(cyclopentadienyl)hafnium and bis(cyclopentadlenyl)zlrconium compounds 
are used with alumoxanes. As is well known, these systems offer several distinct advantages, including vastly 
higher catalytic activities than the aforementioned bis (cyclopentadlenyt)tltanlum catalysts and the production 
of polymers with narrower molecular weight distributions than those from conventional Ziegler-Natta catalysts, 

SO These systems remain subject to poisoning when basic impurities are present and do, however, require an 
undesirable excess of the aiumoxane to function efficiently. Moreover, the hafnium containing systems ere not 
as active as the zirconium containing systems, et least when used for homopolymerizatloa This has been 
suggested by Giannetti, NIcotetH, and Mazzocchl, J. Polym. Scl.. Polym. Chem., 1985, Vol. 23, pp. 2117-2133, 
who claimed that the ethylene polymerization rates of bls(cyclopentadlenyl) hafnium compounds wore five to 

55 ten times slower than those of similar bls(cyclopentadlenyl)zlrconlum compounds while there was little 
difference between the two catalysts in the molecular weight of the polyethylene formed from them. 

In light of the several deficiencies of the coordination catalyst systems heretofore contemplated, the need 
for an improved coordination system which: (1) permits better control of molecular weight and molecular 
weight distribution; (2) is not subject to activation equilibrium; end (3) does not Involve the use of an 

60 undesirable cocatalysts Is believed readily apparent. 
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SUMMARY OF THE INVENTION 

It has now been discovered that the foregoing and other disadvantages of the prior art Ionic o-'efin 
polymerization catalysts can be avoided, or at least reduced, with the ionic catalysts of the present Invention 
and an improved olefin, dlolefln and/or acetytenically unsaturated monomer polymerization process provided 
therewith. It is, therefore, an object of this invention to provide Improved ionic catalyst systems useful in the 5 
polymerization of olefins, diolefins and acetytenically unsaturated monomers, tt Is another object of this 
invention to provide a method for preparing such improved catalysts, tt Is a further object of this invention to 
provide an improved polymerization process using such improved catalysts. It is still another object of this 
invention to provide such an improved catalyst which is not subject to Ion equilibrium reversal. tt is s;ill a 
further object of this invention to provide such an improved catalyst which may permit better control of the 10 
product polymer molecule weight and molecular weight distribution. It is yet a further object of this invention to 
provide such an improved catalyst which may be used with less risk of fire, tt Is even another object of this 
invention to provide polymeric products produced with these improved catalysts having relatively narrow 
molecular weight distributions and which are free of certain metal impurities. The foregoing and stiB other 
objects and advantages of the present invention will become apparent from the description set forth is 
hereinafter and the examples included herein. 

In accordance with the present invention, the foregoing and other objects and advantages are 
accomplished with and by using a catalyst prepared by combining at least two components, the first of which 
Is a soluble, bis(cyclopentadienyl)-substituted Group fV-B metal compound containing at least one Bgand 
which win combine with a Lewis or Bronsted acid thereby yielding a Group fV-B metal cation and the second of 20 
which compounds comprises a cation capable of donating a proton and reacting irreversibly with said figand fn 
said Group fV-B melal compound to liberate a free, neutral by-product and a compatible noncoordinatlng 
anion comprising a plurality of boron atoms, which compatible noncoordinating anion is stable, bulky and 
labile. The soluble Group IV-B metal compound must be capable of forming a cation formally having a 
coordination number of 3 and a valence of + 4 when said llgand Is liberated therefrom. The anion of the second 25 
compound must be capable of stabilizing the Group FV-B metal cation complex without interfering with the 
Group IV-B metal cation's or its decomposition product's ability to function as a catalyst and must be 
sufficiently labile to permit displacement by an olefin, a diolefin or an acetyienicalfy unsaturated monomer 
during polymerization. For example, Bochmann and Wilson have reported (J. Cbem. Soc., Chem. Comm., 
1986, pp. 1610-1611) that bis (cydopenladlenyl) -titanium dimethyl reacts with tetrafluoroboric acid to form 30 
bis(cyctopentadfenyl) titanium methyl tetrafluoroborate. The anion is. however, insufficiently labile to be 
displaced by ethylene. 

DETAILED DESCRIPTION OF THE INVENTION 

As indicated supra, the present invention relates to catalysts, to a method for preparing such catalysts, to a 35 
method of using such catalysts and to polymeric products produced with such catalysts. The catalysts are 
particularly useful in the polymerization of a-olefins, diolefins and acetylenicafly unsaturated monomers. The 
Improved catalysts are prepared by combining at least one first compound which is a bis(cyctopentadlenyt) 
derivative of a metal of Group fV-B of the Periodic Table of the Elements capable of forming a cation formally 
having a coordination number of 3 and a valence of +4 and at least one second compound comprising a 40 
cation capable of donating a proton and a compatible noncoordinatlng anion comprising a plurality of boron 
atoms, which anion is both bulky and labile, and capable of stabilizing the Group tV-B metal cation without 
interfering with said Group IV-B metal cation's or its decomposition product's ability to polymerize a-olefins, 
diolefins and/or acetytenically unsaturated monomers. 

All reference to the Periodic Table of the Elements herein shall refer to the Periodic Table of the Elements, as 45 
published and copyrighted by CRC Press. Inc.. 19S4. Also, any reference to a Group or Groups of such 
Periodic Table of the Elements shall be to the Group or Groups as reflected in this Periodic Table of the 
Elements. 

As used herein, the recitation 'compatible noncoordinating anion' means an anion which either does not 
coordinate to said cation or which Is only weakly coordinated to said cation thereby remaining sufficiently labile SO 
to be displaced by a neutral Lewis base. The recitation 'compatible noncoordinating anion* specifically refers 
to an anion which when functioning as a stabilizing anion in the catalyst system of this invention does not 
transfer an anionic substituent or fragment thereof to said cation thereby forming a neutral four coordinate 
meta/locene and a neutral boron by-product Compatible anions are those which are not degraded to neutrality 
when the Initially formed complex decomposes. ~ 55 

The Groups IV-B metal compounds, and particularly titanium, zirconium and hafnium compounds, useful as 
first compounds In the Improved catalyst of this invention are bls(cyclopentadlenyl) derivatives of titanium, 
zirconium and hafnium. In general, useful titanium, zirconium and hafnium compounds may be represented by 
the following general formulae: 

1. (A-Cp)HXtX 2 3. (A-Cp)HL a 

2. <A^p)Mrir 2 4. (Cp'HCpfjKXj 

wherein: 

M is a metal selected from the Group consisting of titanium (Ti), zirconium (Zr) and hafnium (Hf); {A-Cp) Is 
either (CpJ(Cp') or Cp-A'-Cp* and Cp and Cp* are the same or different substituted or unsubstituted 65 
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cyclopentadienyt radicals, wherein A' is a covatent bridging group containing a Group IV-A element; I is an 
olefin, diolefin or aryne llgand; Xi and X 2 are, Independently, selected from the Group consisting of hydride 
radicals, hydrocarbyl radicais having from 1 to about 20 carbon atoms, substltutecHiydrocarbyt radicals, 
wherein 1 or more of the hydrogen atoms are replaced with a halogen atom, having from I to about 20 carbon 
5 atoms. organo-metaDoid radicals comprising a Group IV-A element wherein each of the hydrocarbyl 
subsutuents contained In the organo portion of said organo-metallold. Independently, contain from 1 to about 
20 carbon atoms and the like; X'i and X' 2 are Joined and bound to the metal atom to form a metaJIacycle. In 
which the metal, X't and X'j form a hyoVocarbocycDc ring containing from about 3 to about 20 carbon atoms* 
and R is a substituent, preferably a hydrocarbyl substituent, having from 1 to about 20 carbon etoms, on one of 
W the cyclopentadienyt radicals which Is also bound to the metal atom. 

Each carbon atom In the cyclopentadienyt radical may be. Independently, unsubstiruted or substituted with the 
same or a different radical selected from the Group consisting of hydrocarbyl radicals, subsiltuted-hydrocar- 
byt radicals wherein one or more hydrogen atoms Is replaced by a halogen atom, hydrocarbyj-substituted 
metalloid radicals wherein the metalloid Is selected from Group IV-A of the Periodic Table of the Dements 
ts halogen radicals and the like. Suitable hydrocarbyl and substituted-hydrocarbyl radicals which may be 
substituted for at least one hydrogen atom in the cyclopentadienyt radical wifl contain from t to about 20 
carbon atoms and Include straight end branched aikyl radicals, cyclic hydrocarbon radicais, alkyt-substituted 
cyclic hydrocarbon radicals, aromatic radicals and alkyt-substituted aromatic radicals. Similarly, and when Xi 
and/or X 2 is a hydrocarbyl or substituted-hydrocarbyt radical, each may, independently, contain from 1 to 
20 about 20 carbon Btoms and be a straight or branched aJkyt radical, a cyclic hydrocarbyl radical, an 
alkyt-substituted cyclic hydrocarbyl radical, an aromatic radical or an alkyl-substituted aromatic radical. 
Suitable organo-metallold radicals Include mono-, dl- and ^substituted organo-meteJioId radicals of Group 
IV-A elements wherein each of the hydrocarbyl Groups contain from 1 to about 20 carbon atoms. Suitable 
organic-metalloid radicals Include trtmethytslryt, trtethytsilyl, ethyidimethylsllyl, methyJdiethytslly!. triphenytger- 
25 myl, trlmethylgermyt and the like. 

Illustrative, but not limiting examples of blsfcyclopentadienyDzlrconlum compounds which may be used In 
the preparation of the Improved catalyst of this Invention are dihydrocarbyl-substrtuted bis(cyclopentadle- 
nyl)2irconium compounds such as bis (cyclopentadlonyl) zirconium dimethyl, blsfcyclopentadienyljzlrconium 
diethyl, bis(cyclopentadienyi) zirconium dlpropyt. bis (cydopentadienyf) zirconium dlbutyl. bisfcyclopentadle- 
30 nyl)zirconJum diphenyl, blsfcyciopentadlenyl) zirconium dlneopenryl, b!s(cyc!opentadlenyl)zlrcon!um dl(m-to- 
lytj. bis(cyclopentadlenyt)zlrconium dl(p-totyt) and the like; (monohydrocarbyl.substituted cyclopentadle- 
nyi)zirconium compounds such as (methytcyclopentadlenyi)(cydopentadIenyJ) and bls(methytcyclopentadte- 
nyflzlrconium dimethyl. (ethyfcycfopentadienyt)(cyclopentadleny1) and bls(ethytcyclopentadienyf) zirconium 
dimethyl, {propylcyclopentadlenyl)(cycJopentadiBnyl) and. bis{propylcyclopentadieny))2lrconium dimethyl 
35 (n-butylcydo pentadienyl)(cyclopentadieny|) and bis(n-butytcyclopontadlenyl) 2lrconlum dimethyl, (t-butytcy- 
clopentadlenyl)(cycIopentadlenyi) and bls{l-butylcyclopentadlenyl)zlrconlum dimethyl, (cyclohexytmethylcy- 
clopentadlenyt)(cyclopentadlenytj and bls(cyclohexylmethylcydopentaa1enyl)zfrconlum dimethyl, (benzyfcy- 
clopentadlenyl) (cyclopentadienyt) and bls|ben2ylcyctopentadieny1)2lrconium dimethyl, (dlphenytmethytcy- 
clopentadienyl)(cyclopentadlenyt) and bis(dlphenylmethylcyclopentadlenyt)zlrconium dimethyl, (methylcy- 
40 clopentadlenyt)(cyclopentadieny1) and bis(methylcyclopentadienyl)zirconlum dihydride, (ethylcyclopenta 
dienyt) (cyclopentadienyt) and bIs(ethyteyclopentadJenyl)zircon!um dihydride, (propylcyclopentadlenyl) (cy- 
clopentadienyt) and bls(propyl<^ctopentadlenyOzlrconlum dihydride, (n-butytcyclopentadienyl)(cyclopenta- 
dienyl) and bls(n-butylcyclopentadlenyl) zirconium dihydride. (t-butylc7ctopentaoTenyt)(cycIopentadlerry1} and 
blstt-bijtytcyclopentadlenyljzlrconfum dihydride. (cyclohexylmemytcydop«ntadIenyl)(cyclopentarfleny<) and 
45 bIs(cyclohexytmethyIcyclopentadte»Tyi)2lrconlum dihydride. (beru^cyclopentadlen^(cyclopentadienyl) and 
bis(benzylcyclopentad1enyl)zirconlum dihydride. (o1phenyImethylcyclopentadleny1)(cycIop^tadIenyl) and 
bls(diphenyImethylcyclopentadlenyl)zirconium dihydride and the tike; (poryhydrocarbyl-substHuted-cyclopen- 
tadienyt)zIrconJum compounds such as (dimethytcyctopentadlenyt)(cyclopentadlenyl) and bls(dtmethytey- 
clopentadienyljzirconhim dimethyl, (trimethylcydopentadlenyl) (cyclopentadienyt) and bls|u1metrwtcyclopen- 
50 tadienyljzlrconlum dimethyl, (tetramethy»cyctopentadlenyl)(cyclopentadienyl) and bls(tetramelhylcyclopenta- 
dlenyl)zJrconfum dimethyl, (permethytcyclopentadieny1)(cyclopentad!enyl) and br5(p«rmethytcyclopentadle- 
nyfjarconlum dimethyl, (etrr/ltetramemylcyclopentadlen^)(cyclopentad)ern/f) and Ws(ethyltetramethylcy- 
clopentadlenyl) zirconium dimethyl, (indenyl)(cyclopentadieny1) and bis(Indenyl) zirconium dimethyl, (dl- 
metrn^dopentadienyl)(cydop*ntadlenyt) and Ws(dlmetrrytcydopent8dienyt)zirconlum dihydride, (trtmethyt- 
55 cyclopentadIeftyf)(cyclopentadIenyl) and bls(Wmethytcydopentadenyf)zIrconfum dihydride, (tetramethytcy- 
clopentadlenyl) (cyclopentadlenyl) and bls(tetramethy1cycbpentadle^)zIrconlum dihydride, (permethytcy- 
dof -entadlenyl) (cydopentadlenyl) and bis(permethylcyclopentadleriyf)zlrconlum dihydride, (ethyttetramethyt- 
cydopentadlenyO(cydopentadlenyl) and bls(etriyttetramethylcycl^ dihydride, (Inde- 

nytJJcycfopentadlenyO and bb(Indenyl)zirconlum dihydride and the like; (metal hydrocarbyt-substttuted 
60 cyciopentadlenyl)zirconlum compounds such as (trimethylslrylcydopentadierryi) (cydopentadlenyl) and 
bte(trfmefoylsilylc^ dimethyl, (trtntethylgenTiylcydo^ 

and bis(trirra>thylc*rrr^^ dimethyl, (trtnietrwlstannylcydopen^ 

dier.yO and bls(trtmethylstarv^cyclcpentao1eriyf)zirconlum dimethyl, (trtmethVpfumbylcyclopentadIenyl)(cy- 
clopentadienyl) and bls(trlmethy1ptumbyk^dopentadienyl)zirconium dimethyl, (tn^thytsflytcydopentadte- 
65 nyD:cydopentac1enyt) and bls(trimethytsity cydopenta^ dihydride. (trtmethylgermylcyctoperrta- 
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dienyt) ( cycIopentadienyO and bis (trimeihyfgermylcyclopentatfienyl) zirconium dihydride. itrimethytstannylcy- 
clopentadienyl)(cyclopentadienyi) and bis(trimethyistannyfcyclopentadienyl)2irconium dihydride. (tftmelhyl- 
plumbyteyctopentadienyl)(cyclopentadienyl) and bis(trimethytplumbylcyclopenladienyl)2lrconlum dihydride 
and the like;, (halogen- substit uted-cyclopentadieneyl)zirconium compounds such as (trifluoromethylcy- 
clop8ntadieny1)(cyck>pentadteny1) and bis{trilluoromelhyfcyclopcntadlenyl)zirconium dimethyl, (trtfluoro- 5 
methylcyclopentadlenyl)(cyclopentadienyl) and bls(trifUjoromethy1cyclopentadienyl)zirconlum dihydride and 
the like; sByl-substituted b!s(cyciopentadienyl)zirconium compounds such as bis(cyclopentadenyl)(trime<hyl- 
sllyt)(metrwl)zirconlum, bis(cyciopentadienyl)(triphenylsiryl)(n^trryl)zirconium bis(cycJopentadienyt)[tris(di- 
methytsI)yl)sDyl}(methyl)zIrconium, bis(cydc^entadier^)lbis(mesrryt)sirylj(melhyl)zIrconium. bis{cyclopenta- 
dlenyI)(trimem^sllyl)(trimethytsilylmethyI)zirconium, bis(cycIopentadieny1){tr1methytsirylJ (benzyl) and the like: W 
(bridge<yclopentadlenyJ)zirconlum compounds such as methylene bfs(cydopentadieny1)zirconium dimethyl, 
ethylene bis{cyclopentao1erryl)zirconium dimethyl, dimethytsilyl bis(cyctopentadienyl)zircontum dimethyl, 
methylene bls(cyclopentadIenyOztrconlum dihydride. ethylene bis(cyclopentadienyl)zlrconium dihydride and 
dlmethylsiryl bis(cyclopentadlenyl)zJrconrum dihydride and the Tike; zifconacycles such as bis(penlamethylcy- 
clopentadienyl) zlrconacydobutane, bis(pentamethylcyciopentadienyl) zirconacyclopeniane, bls(cyclopenta- 15 
dienytjzirconalndane and the like; olefin, dlolefin and aryne ligand substituted bis(cyclopentadlenyl)zlrconium 
compounds such as bls(cyclopentadienyl) (1,3-butadiene)zirconium. bls(cyclopentadienyf) (2,3-dimethyl- 
1,3-butadione)zirconium, bis(pentamethylcyclopentadienyO(benzyneJ zirconium and the tike; (hydrocar- ' 
byl){hydride) bis(cyclopentad!enyl)zirconium compounds such as bis(pentamelhyteyclopentadlenyl)zirconium 
(phenylj(hydride), bis(pentamethyicyclopeniadlenyl)zlrconium (methyl) (hydride) and the like; and bls(cy- 20 
clopentadJenyl)zirconium compounds in which a substituent on the cyclopentadienyt radical is bound to the 
metal such as (pentamethylcyclopentadienyl)(tetramethy1cyclopentadienylmemylene) zirconium hydride, 
(pentamethylcyclopentadienyl)(tetramethytcyclopentadienylmethylene) zirconium phenyl and the like. 

A similar list of illustrative bis(cyclopentadienyl) hafnium and bis(cyclopentadienyl)titanium compounds 
could be made, but since the lists would be nearly identical to that already presented with respect to 25 
bis(cyclopentadienyl)zirconium compounds, such lists are not deemed essential to a complete disclosure. 
Those skilled in the art, however, are aware that bis(cyclopentadienyl) hafnium compounds and bts(cyclopen- 
tadlenyl) titanium compounds according to certain of the bls(cyclopentadienyl) zirconium compounds listed 
supra are not known. The lists would, therefore, be reduced by these compounds. Other bis(cyclopentadie- 
nyOhafnium compounds and other bis(cyclopentadienyl)titanium compounds as well as other bis(cydopenta- 30 
dienyt)zircon!um compounds which are useful in the catalyst compositions of this invention will, of course, be 
apparent to those skilled in the art. 

Compounds useful as a second component in the preparation of the catalyst of this invention will comprise a 
cation, which is a Bronsted acid capable of donating a proton, and a compatible anion containing a plurality of 
boron atoms, which anion is relatively large, capable of stabilizing the active catalyst species which Is formed 35 
when the two compounds arc combined and said anion will be sufficiently labile to be displaced by olefinic. 
diolefinic and acetylenicafly unsaturated substrates or other neutral Lewis bases such as ethers, nitrfles and 
the like. In general, a second compound useful In the preparation of the catalyst of this invention may be any 
compound represented by one of the foflowlng general formulae: 

5. (L'-H][(CX) a (BX')mX" b Jc- * 
Wherein: 

L'-H is either H+, ammonium or a substituted ammonium cation having up to 3 hydrogen atoms replaced with a 
hydrocarbyl radical containing from 1 to about 20 carbon atoms or a substltuted-hydrocarbyi radical, wherein 
one or more of the hydrogen atoms is replaced by a halogen atom, containing from 1 to about 20 carbon 
atoms, phosphonlum radicals, substituted-phosphunlum radicals having up to 3 hydrogen atoms replaced 45 
with a hydrocarbyl radical containing from 1 to about 20 carbon atoms or a subs tit uted-hydrocarbyi radical, 
wherein 1 or more of the hydrogen atoms is replaced by a halogen atom, containing from 1 to about 20 carbon 
atoms and the like; B and C are, respectively, boron and carbon; X. X' and X" are radicals selected, 
independently, from the Group consisting of hydride radicals, hallde radicals, hydrocarbyl radicals containing 
from 1 to about 20 carbon atoms, substit uted-hydrocarbyl radicals, wherein one or more of the hyrogen atoms 50 
Is replaced by a halogen atom, containing from 1 to about 20 carbon atoms, organometallold radicals wherein 
each hydrocarbyl substitution in the organo portion contains from 1 to about 20 carbon atoms and said metal 
Is selected from Group IV-A of the Periodic Table of the Elements and the like; a and b are Integers £ 0; c is an 
integer S1;a + b + c-an even-numbered Integer from 2 to about 8; and m Is an Integer ranging from 5 to 
about 22. 56 

6. [L'-H]([[(CX3) B -(BX4)m-{X5)b-K-] 2 Mn^d. 
Wherein: 

L'-H is either H*. ammonium or a substituted ammonium radical having up to 3 hydrogen atoms replaced with 
a hydrocarbyl radical containing from 1 to about 20 carbon atoms or a substltuted-hydrocarbyi radical, 
wherein 1 or more of the hydrogen atoms is replaced by a halogen atom, containing from 1 to about 20 carbon €0 
atoms, a phosphonlum radical, a substituted-phosphortiurn radical having up to 3 hydrogen atoms replaced 
with a hydrocarbyl radical containing from 1 to about 20 carbon atoms or a substituted-hydrocarbyl radical, 
wherein 1 or more of the hydrogen atoms is replaced by a halogen atom, containing from 1 to about 20 carbon 
8toms and the like ; B, C. M and H are, respectively, boron ; carbon, a transition metal and hydrogen; to, X4, and » 
Xs are radicals selected, independently, from the Group consisting of hydride radicals, halide radicals, 65 
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hydrocarbyl radicals containing from 1 to about 20 carbon atoms, substituted-hydrocarbyl radicals, wherein 
one or more of the hydrogen atoms is replaced by a haJogen atom, containing from 1 to about 20 carbon 
atoms, organo-melaJloid radicals wherein each hydrocarbyl substitution In the organo portion or said 
organo-melaDold contains from 1 to about 20 carbon atoms and said melal Is selected from Group rV-A of the 
Periodic Table of the Bements and the like; a' and b' are the same or a different integer 0; c' Is an Integer 
2; a' +• b' + c* =» an even-numbered Integer from 4 to about 8; m' Is an integer from 6 to about 12; n Is an 
integer such that 2c* • n « d; and d Is an Integer 1. 

Kustrauve, but not limiting, examples of the second compounds which can be used as a second component 
in the catalyst compositions of this Invention are ammonium salts such as ammonium 1-carbadodecaborate 
(using 1-carbododecaborate as an Illustrative, but not limiting, counterton for the ammonium cations listed 
below): monohydrocarbyl-substrtuted ammonium salts such as methylammonhim 1-carbododecaborate, 
ethylammonium 1-carbadode caborate. propylammonlum 1-carbadodecaborate, Isopropytemmonlum 1-car- 
badodecaborate. (rvburyl)ammonium 1-carbadodecaborate, aniRnlum 1-ca/badod oca borate, and (p-toryi)anv 
monlum 1-carbadodecaborate and the Dke; dlhydrocarbyKsubstttuted ammonium salts such as dtmethylam- 
monfum 1-carbadodecaborate, oletriytarnmonlum 1-carbadodecaborate, dlpropylammonium 1-carbadodeca- 
borate, diisopropylammonjum 1-carbadodecaborate. di(n-butyl)ammonlum 1-carbadodecaborate. dipheny- 
lammonlum 1-carbadodecaborate, tf(p-toryi)ammonlum 1-carbadodecaborate and the like; trihydrocarbyt- 
substltuted ammonium salts such as trimethytammonium 1-carbadodecaborate, triethytammonium 1-carba- 
dodecaborate. trlpropyJammonium 1-carbadodecaborate. tri(n-butyi) ammonium 1-carbadodecaborate. 
triphenytammonium 1^badodecaborate,tri{p-toIyl)ammonium 1-carbadodecaborate. N.N-dlmethytanilrnium 
1-carbadodecaborate, N,N-dlethytanillnlum 1-carbadodecaborate and the like. 

Illustrative, but not limiting examples of second compounds corresponding to Formula 5 (using 
tri(n-butyl)ammonium as an illustrative, but not limiting, counterton for the anions listed below] are salts ol 
anions such as bls|tri(rvbutyl)ammonlumJ nonaborate, bis|tri(rvburyl)anunonlum]decaborate. bls(tri{n-bu- 
tyl)ammon!um]undecaborate, bls[trl(n-butyI)ammonlum] dodecaborate, blsltrl(n-buty!)amrnonlumjdecachlo- 
rodecaborate, bisltri(n-buryl)arnmonlum]dodecachlorododecaborate, (triln-butyl) ammonium 1-carbadeca- 
borate, tri(n-butyI)ammonium 1-carbaundecaborate, tri(n-butyl) ammonium 1-carbadodecaborate, tri(n-bu- 
tyl)ammonium 1-trimethylsilyH-carbadecaborate, tr1(n-butyl)ammonium dibromo-1-carbadodecaborate and 
the like; borons and carborane complexes end salts of borane and carborene anions such as decaborane(14), 
7,8-dicarbaundecaborane(13), 2.7-dlcarbaundecaborane(13), undecahydrfdo-7.8-dimethy1-7,8-dlcarbaunde- 
caborane. dodec^ydrido-11-metr^2,7-dlcarbaundecaborane, tri(n-buryI)ammonIum undecaborate(14), 
tri(n-butyl)ammonium 6-carbadecaborate{12), trl(n-butyl)ammonlum 7-carbaundecaborate(13}. ulfrvbu- 
tyl)ammonium 7,8-dicarbaundecaborate(12), tri(n-butyl) ammonium 2,Wicarbaundecaborate(12). tri(n-bu- 
ty1)ammonium dodecahydrido-8-methyI-7,9-dIcarbeunde caborate. trf(n-butyt}ammonlum undecahydrido- 

8- ethyI-7,9-dicarbaundecaborate, tri(n-butyl)ammonlum undecarrydnyo-8-butyl-7 1 9-dicarbaundecaborate. 
rri(n-butyl)ammonium undecahydrido-8-aJlyl-7,9^dicart)aundecaborate, trt(n-butyf) ammonium undecahydrido- 

9- trlmethylsi]yl-7,8-dicarbaundecaborate, tri(n-butyl)ammonlum undecahydrtdo-4,fc^JIbromo-7-carbaundeca- 
borate and the tike; boranes and carboranes and salts of boranes and carboranes such as 4-carbanonabo- 
rane(14), 1.3-dicarbanonobonane(13). 6,9-dicarbadecaborane(14), dodecahydrido-1 -phenyl- 1,3-dicarbanona- 
borane, dodecahydrido-1 -methyI-1,3-dicarbanonaborane, undecahydrido-1 dimethyl- f ,3-dlcarbanonabo- 
rane and the (ike. 

Illustrative, but not limiting, examples of second compounds corresponding to Formula 6 (using 
1ri(n-butyt)ammonium as an illustrative, but not limiting, counterton for the anions listed betowj are salts of 
metanacarborane and metallaborane anions such as tri(n-butyl)ammonlum bls(nonarrydrido-1>dtcarbanonfl- 
borato) cobaJtate(fll), tri(n-butylJammonlum Ws(undecahydr1do-7,8<ncarbaundecaborato)ferrate{ill), tri(n-bu- 
tyOammontum bls(undecahydrido-7,6HJicarbaundecaborato)cobaftate(lll), trf(n-butyf) ammonium bisfundeca- 
hydrido-7.8-dfcarbaundecaborato) nickelate(lll). tri(rvbutyf)ammonlum bls(urrfecahydrtdo-7,8-dlcarbaunde- 
caborato) cuprate(lll), tri(n-buryf)ammonium bls{unde<^dridc>-7,8sJfcarrwundercaborBto)aurate(lll), 
trl(n-butyf)ammonlum btefnonaiiydrido-Ae-dimeth^.o^cartaundecaboratoJ-ferratefffl) trl(n-butyf) am- 
monium bls(nonahydrtdc>-7Mlmethy1-7 1 8^lcarbaundecaborBto) chromate(IJI), trfs(rr-butyl)emmon!um bis(M- 
bromooctafiydrtdo-7.B-dfcarbaurKJ^ tri(n-butyl)ammonlum Nsfdodecam/dridodicarba- 

dodecaborate)cobaltate(Ifl), bls(W{n-butyl)ammonlum] bls(dodecahydrtdodecaborato) nlckelate(ll), tris- 
(trf(ri-buryt)amrnonfrjm) bis(unde<»hydrtdo7-carbaundec^ blsttrl(n-butyl) ammonium) 

Ws(undecam;drfdo-7<arbaundecaborato)ma7i bls|M(n-butyl)ammontumJ Ws(undecahydro-7^car- 

baundecaborato) cobaltate(HI), bls[tr1(n-butyl)ammonfumJ bls(unde<^drfdo-7carbaundecaborato)nteke- 
tateflV) and the like. A similar list of representative phosphonlum compounds could be recited as illustrative 
second compounds, but for the sake of brevity, it Is simply noted that the phosphonlum and 
substrtutedirfiosphonlum salts corresponding to the listed ammonium and subsffluteoVemmonlum sails could 
be used as second compounds In the present Invention, 

In general, and while most first components Identified above may be combined with most second 
components Identified above to produce an active olefin polymerization catalyst, ft Is Important to continued 
polymerization operations that either the Initially formed metal cation or a decomposition product thereof be a 
relatively stable olefin polymerization catalyst ft Is also Important that the anion of the second compound be 
stable to hydrolysis when an ammonium salt Is used. Further. It Is Important that the addtty of the second 
component be sufficient, relative to the first, to facilitate the needed proton transfer. Conversely, the basicity 
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ot the metal complex must also be sufficient to facilitate the needed proton transfer. Certain metallo^ene 
compounds-using bls(pentamethy!cyclopentao7enylLhafnium dimethyl as an illustrative, but not limiting 
example-are resistant to reaction with aJ) but lh8 strongest Bronsted acids and thus are not suitable as first 
components to form the catalysts described herein, tn general, bis (cyclopentadienyl) metal compounds which 
can be hydrolyzed by aqueous solutions can be considered suitable as first components to form the catalysts 5 
described herein. 

With respect to the combination of the desired cation and the stabilizing anion to form an active catalyst of 
the present Invention, it should be noted that the two compounds combined for preparation of the active 
catalyst must be selected so as to ensure displacement of the anion by monomer or another neutral Lewis 
base. This could be done by sterfc hindrance, resulting from substitutions on the cyclopentadienyl caibon 10 
atoms as weO as from substitutions on the anion itself. The use of perhydrocarbyi-substituted cyclopentadienyl 
metal compounds and/or bulky second components does not generally prevent the desired combination and, 
In fact, generally yields more labile anions. It follows, then, that metal compounds (first components) 
comprising perhydrocarbyl-subsMuted cyclopentadienyl radicals could be effectively used with a wider range 
. of second compounds than could metal compounds (first components) comprising unsubstituted 15 
cyctopentadieny radicals. In fact first compounds comprising perhydrocarbyi-substituted cyclopentadienyl 
radicals would, generally, be effective when used in combination with second components having both larger 
and smaller anions. As the amount and si2e of the substitutions on the cyclopentadienyl radicals are reduced, 
however, more effective catalysts are obtained with second compounds containing larger anions, such as 
those encompassed by Equation 6 above and those having larger m values in Equation 5. In these cases, it is 20 
further preferable that in using second compounds which are encompassed by Equation 5, a + b -f c = 2. 
Second compounds in which a + b + c « even-numbered Integers of 4 or more have acidic B-H-B moieties 
which can react further with the metal cation formed, leading to catalytically inactive compounds. 

In general, the catalyst can be prepared by combining the two components in a suitable solvent at a 
. temperature within the range from about -100°C to about 300°C. The catalyst may be used to polymerize 25 
a-olefins and acetyienlcalfy unsaturated monomers having from two to about eighteen carbon atoms and 
diolefins having from four to about eighteen carbon atoms either alone or in combination. The catalyst may also 
be used to polymerize a-olefins, diolefins end/or acetylenicaBy unsaturated monomers in combination with 
other unsaturated monomers. In general, the polymerization win be accomplished at conditions well known in 
the prior art for the polymerization of monomers of this type. It win. of course, be appreciated that the catalyst 30 
sytem will form In situ if the components thereof are added directly to the polymerization process and a 
suitable solvent or diluent is used in said polymerization process. It is, however, preferred, to form Ihe catalyst 
in a separate step prior to adding the same to the polymerization step. While the catalysis do not contain 
pyrophoric species, the catalyst components are sensitive to both moisture and oxygen and should be 
handled and transferred in an inert atmosphere such as nitrogen, argon or helium. 35 

As Indicated supra, the improved catalyst of the present invention will, generally, be prepared in a suitable 
solvent or diluent Suitable solvents or diluents include any of the solvents known In the prior art to bo useful as 
solvents In the polymerization of olefins. Suitable solvents, then, include, but are not necessarily limited to, 
straight and branched-chain hydrocarbons such as isobutane, butane, pcntane, hexane, heptane, octane and 
the like, cyclic and aJicycDc hydrocarbons such as cyclohexane, cyclopentane. methylcyclohexane, 40 
methy 'cyclone ptane and the like and aromatic and alkyl substituted aromatic compounds such as benzene, 
toluene, xylene and the like. Suitable solvents also include basic solvents not heretofore useful as 
polymerization solvents when conventional ZiegJer-Natta type polymerization catalysts are used such as 
chlorobenzene, dichJorome thane and propyl chloride. 

While the Inventors do not wish to be bound by any particular theory, it is believed that when the two 45 
compounds used to prepare the Improved catalysts of the present invention are combined in a suitable solvent 
or diluent, ail or a part of the cation of the second compound (the proton) combines with one of the 
substituents on the metal-containing (first) component. In the case where the first component has a formula 
corresponding to that of general formula 1 supra, a neutral compound is liberated which either remains In 
solution or Is liberated as a gas. In this regard, it should be noted that if the cation of the second compound is a SO 
proton and either Xt or Xz m Ihe metaJ containing (first) compound Is a hydride, hydrogen gas may be 
liberated. Similarly, if the cation of the second compound is a proton and either Xi or X2 Is a methyl radical, 
methane may be liberated as a gas. In the cases where the first component has a formula corresponding to 
those of general formulae 2, 3 or 4, one of the substituents on the metal-containing (first) component is 
protonated but. in general, no substituent is liberated from the metal. It Is preferred that the ratio of metal 55 
containing (first) component to second component cations be about 1 :1 or greater. The conjugate base of the 
cation of the second compound, If such a portion does remain, will be a neutral compound which will remain in 
solution or complex with the metaJ cation formed, though, In general, a cation is chosen such that any binding 
of the neutral conjugate base to the metal cation wiB be weak or nonexistent. Thus, as the steric bulk of this 
conjugated base increases, H win, simply, remain in solution without interfering with the active catalyst. For €0 
example. If the cation of the second compound Is an ammonium ion, this Ion wiB liberate a hydrogen atom 
which may then react as In the case when the hydrogen atom was the cation to form gaseous hydrogen, 
methane or the like and the conjugate base of the cation will be ammonia. In like fashion, H the cation ot the 
second compound were a hydrocarbyl-substltuted ammonium ion containing at least one hydrogen atom, as Is 
essential to the present invention, the hydrogen atom would be given up to react in the same fashion as when 65 
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hydrogen were the cation and the conjugate base of the cation would be an amine. Further, if the cation of the 
second compound were a hydrocarbyi-substltuted phosphonlum Ion containing at least one proton, as is 
essential to the present invention, the conjugate base of the cation would be phosphlne. 
White stiQ not wishing to be bound by any particular theory, rt Is also believed that when the metal containing 
5 (first) component has reacted with the second component, the non-coordinating anion originally contained in 
the second compound used In the catalyst preparation combines with and stabilizes either tho metal cation, 
formally having a coordination number of 3 and a + 4 valence, or e decomposition product thereof, the cation 
and anion wiD remain so combined until the catalyst is contacted wtth one or more olefins, diolefins and/or 
acetytenlcally unsaturated monomers either atone or in combination with one or more other monomers. As 

10 indicated supra, the anion contained in the second compound must be sufficiently labile to permit rapid 
displacement by an olefin, a dfolefin or an acetylenfcaJfy unsaturated monomer to facilitate porymerizatioa 
As Indicated supra, most first compounds Identified above wffl combined with most second compounds 
Identified above to produce an active catalyst, particularly an active polymerization catalyst. The actual active 
catalyst species is not, however, always sufficiently stable as to permit Its separation and subsequent 

15 Identification. Moreover, and white many of the Inrttel metal cations are relatively stable, It has become apparent 
that the Initially formed metal cation may decompose yielding either an active polymerization catalyst species 
or a catalytlcally inactive species. Most decomposition products are, however. ceteJyticaliy active. While the 
Inventors still do not wish to be bound by any particular theory, It Is believed that the active catalyst species 
which have not been Isolated, including active decomposition products, are of the same type es those which 

20 have been Isolated and fully characterized or at least retain the essential structure required for functioning as a 
catalyst such as a reactive metal-carbon bond. 

While still not wishing to be bound by any particular theory and as indicated supra, it Is also believed that the 
extent and nature of the substitution on the cyclopentadlenyi ring dictates the size of the stabilizing anion 
needed to generate a particularly active olefin polymerization catalyst. In this regard, it Is believed that as the 

25 number of subst'rtuents on the cyciopentadienyi radical in the metallocene cation are decreased from 5 to 0. a 
given anion win become increasingly less labile. Thus, it Is suggested that as (he number of substituents on the 
cyciopentadienyi radical in the metallocene cation are reduced from 5 to 0, larger or less reactive anions 
should be used to ensure lability and allow for the generation of a particularly active catalyst species. 
Consistent with the foregoing, stable, Isoiable, charactertzlble olefin polymerization catalysts have been 

30 prepared when brs(permethylcyclopentadienyI)zlrconJum dimethyl has been combined with and reacted wtth 
tri{n-butyf)ammonlum 7,Wicarbaundecaborate(12) or 7,8-dlcarbaundecaborane(13). A stable, isoiable, olefin 
polymerization catalyst has also been prepared when bls(ethyttetramethylcyclopentadionyl)zlrconlum dimethyl 
has been combined with 7,Wicarbaundecaborane(13). In each of these cases, the stable polymerization 
catalyst was prepared by adding the reactants Into a suitable solvent or diluent at a temperature within the 

35 range from ebout -100° C to about 300* C. Based on this and other information available to the inventors, it 
appears clear that isoiable and charactertzabte polymerization catalysts can also be prepared when a 
bisfp^rtwdrccarbyl-substituted cyciopentadienyi) metal compound Is combined with any one or more of the 
second compounds Identified above. Also, active, but unisolated polymerization catalysts are prepared when 
b!s|cyciopentadienyl)zirconium compounds containing less than Ave hydrocarbyt-substitutions on each 

40 cyciopentadienyi radical are reacted wtth a suitable second compound, within the scope of the present 
invention, containing a cation capable of donating a proton and an anion capable of stabilizing the metallocene 
cation and sufficiently labile to be displaced by en olefin, a diolefin or an acetyienicaffy unsaturated monomer 
during polymerization, particularly those second compounds having the larger anions. 
The chemical reactions which occur may be represented by reference to the general formulae set forth 

45 herein as foDows: 
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A. (A-CpNOC^a'-HrtBT --> C(A^Cp)HX ] ]*[B']%HX, + L' or 



UA-CpHK^tBT+HX^L' 



B. (A>Cp)HX^X' 2 ,[L^H] + [B']--> [(A-Cp)HXy ' 2 H] + [B']\L' or 

[(A-CpJU^^HJ^IBT+L 1 



C. <A-Cp)MU[L'-H3 + [B'r 



-> [(A-CpMUOrtBT+L' 



to 



1S 



D. (CpXRCp )MX J ^CL , -H3 + CB I ] 



-> [(CpHHR-Cp JMXjl'tB'jM' or 

[(Cp)(R-Cp*)/l) + tB , ]%HX ) iL' 

In the foregoing reaction equations, the letters A-D correspond to the numbers 1-4. respectively, set forth in 
combination with the general equations for useful metaJlocene compounds. B' represents a compatible ion 
corresponding to the general formulae outlined In formulae 5 and 6 above. The reaction of each of the four 
classes of metallocenes with N.N-dirnethy!anfl!nlum bls(7.8-dIcafbaundecaborato}cobaltate(lll) has been 
examined by solution 1 H NMR or »c NMR spectroscopy. In each case, products conforming to those outlined 
above were observed. 

In general, thB stable, isolable catalysts formed by the method of this invention may be separated from the 
solvent and stored for subsequent use. The unlsolated catalysts, however, will, generally, be retained In 
solution until ultimately used in the polymerization of olefins. Alternatively, any of the catalysts prepared by the 
method of this invention may be retained In solution for subsequent use or used directly after preparation as a 
polymerization catalyst. Moreover, and as indicated supra, the catalysts may be prepared In situ by passing the 
separate components into the polymerization vessel where the components will be contacted and react to 
produce the improved catalyst of this Invention. 

In general, and as indicated supra, the Improved catalyst of this invention wifl polymerize olefins, dtolefins 
and/or acetylenlcally unsaturated monomers either alone or In combination with other olefins and/or other 
unsaturated monomers at conditions well known In the prior art for conventional Ziegler-Natta catalysis. In the 
polymerization process of this Invention, the molecular weight appears to be a function of both catalyst 
concentration, polymerization tempenlure and polymerization pressure. In general, the polymers produced 
with the catalyst of this Invention, when produced In an atmosphere free of hydrogen or other chain 
terminating agents, wffl contain terminal unsaturation. 

The polymer products produced with the catalyst of this Invention will, of course, be free of certain trace 
metals generally found in polymers produced in I jegler-Natta type catalysts such as aluminum, magnesium, 
chloride and the like. The polymer, products produced with the catalysts of this invention should then have 
broadtr range of applications than polymers produced with more conventional Ziegler-Natta type catalysts 
comprising a metal aJkyf, such as an aluminum alkyl. 

PREFERRED EMODIMEMT OF THE INVENTION 

In a preferred embodiment of the present invention, a polymerization catalyst wD be prepared' by combining 
abbtcyclopentadlenyl) compound of one of the Group rv-B metals, most preferably a bisfcyctopentadie- 
nylJzlrconJuro or bis(cydopentadlenyf)hafnluro compound, containing two Independently substituted or 
unsubstKuted cydopentadienyl radicals and two lower alkyl substituents or two hydrides with one of the 
following: 

7 ,1, ;l^S M , ed ammon]um of a torane or carborane anion satisfying the general formula: 
ItWI/MtBHjbxJ 0 ** 

Wherein: 

B, C. and H are, respectively, boron, carbon and hydrogen; 
ax is either 0 or 1; cx Is either 1 or 2; ax + cx - 2; and 
bx is an Integer ranging from 10 to 1Z 
(2). A trfsubstiluted arnmonlum salt of a borane or carborane anion or a neutral borane or carborane 
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compound satisfying the general formula: 
6. l(CH), y (BH) mv H bY lty 

wherein: 

B, C and H are, respectively, boron, carbon and hydrogen; 
5 ay is an integer from 0 io 2; by Is an Integer "from 0 to 3; 

cv Is an Inteoer from 0 to 3: ay + by - cy « 4; and my Is an Integer from 9 to 18. 

(3). A trlsubstituted ammonium salt of a metanaborane or metaltacarborane anion satisfying the general 
formula: 

9. U({CH)„(BH)mzHbd«-)2M2nx*l d *- 
to JNtertftj^ ^ ^ respective |y ( boron, carbon, hydrogen and a transition metal; az is an integer from 0 to 2; 
bz Is' an Integer from 0 to 2; cz Is either 2 or 3; 

mz is an Integer from 9 to 11; az + bz + cz = 4; and nz and dz are, respectively. 2 a 2 or 3 & 1 
Each of the trtsubstitutlons in the ammonium cation wOI be the same or a drff erent lower alkyl or aryl radical 
t? Rv lower alkvi Is meant an alky! radical containing from one to four carbon atoms. In a most preferred 
embocfimenUf^ 

ctopentadlenyljzirconlum dimethyl wtD be combined with tri(rvbutyl)ammonIum 1-carbaundecaborate to 
produce a most preferred catalyst. In a most preferred embodiment of the present Irrventlon wherein an anion 
represented by Formula 8 is used, bls(pentamethylcydopentadienyl)zirconium dimethyl will be combined wrth 

20 7 fikllcarbaundecaborane(13) to produce a most preferred catalyst, tn a most preferred embodiment of the 
p'resent Invention wherein an anion represented by Formula 9 Is used. bis(cyclopent« or 
.hafnium dimethyl will be combined with N,N^lmethytanillnlum bls(7,8^1carbaundecaborato) cobaltate(lll) o 
produce a most preferred catalyst. In a preferred embodiment of this Invention, the two compone ntsusedto 
prepare the catalyst will be combined at a temperature within the range from about (TC to about 100 C. The 

25 components will be combined, preferably. In an aromatic hydrogen solvent, most preferably toluene. Nominal 
holding times within the range from about 10 seconds to about 60 minutes wilt be sufficient to produce both 
the preferred and most preferred catalysts of this tnvenlloa . 

In a preferred and most preferred embodiment of this Invention, the catalyst. Immediately efter formation, 
will be used to polymerize one or more lower olefins, particularly ethylene and propylene, most preferably 

30 ethylene, at a temperature within the range from about 0'C to about 100«C and at a pressure within the range 
from about 15 to about 500 psig. The monomers win be maintained at polymerization conditions for a nominal 
holding time within the range from about 1 to about 60 minutes and the catalyst wID be used at a concentration 
within the range of about 10- 6 to about 10-' moles per liter of solvent or diluent. 
Having thus broadly described the present invention and a preferred and most preferred embodiment 

35 thereof it is believed that the same will become even more apparent by reference to the following examples It 
will be appreciated, however, that the examples are presented solely for purposes of illustration and should 
not be construed as limiting the invention. In the examples wherein an active catalyst was Isolated and 
identified, the analysis was by solid-state 13 C NMH spectroscopy and solution iH NMR spectroscopy. 

40 ^Fmls^xlmpto. an active olefin polymerization catalyst was prepared and isolated by combining ID g of 
bls(pentamethylcyclopentad!enyl)zlrconium dimethyl In 50 ml of toluene and then adding 0.82 g of 
tri(n-butyi)ammonlum 7.Mcartoaundecaborate(12). The mixture was stirred at room temperature for 30 
minutes the solvent was evaporatod to half its original volume and pentane added to the point of cloudiness. 

45 After cooling et -20*C overnight, a yellow solid was filtered off, washed with pentane and dried. The yield of 
active catalyst was 0.75 g. A portion of this product was analyzed and Identified as bIs(pentamethylcyclopenta- 
dienyl)(c^ecahydrtdc-7.8^lcarbaundecaborato)zirconlum. 

50 TW e xample, an active olefin polymerization catalyst was prepared by dissolving 1.2 g of 
bls(Mntamemylcydopentacfierty1}zirconIum dimethyl In 100 ml pentane and then adding dropw se 5 ml of a 
toluene solution contaJnJng 0.38 g of 7,Wlcarbaundecaborane(13). A bright yellow solid prec pftated from 
solution. After thirty minutes, the solid was filtered off, washed with pentane and dried The yield of product 
was 0 95 g A portion of the product was analyzed and Identified as bls{pentamethylcyclopentadie- 

55 nyllme'thyltd'odecahydrid^.eKjicarbaundecaborato) zirconium, the same active catalyst produced m 
Example 1. 



60 



EXAMPLE 3 ^ LJ _. oc . 

In this example, an active olefin polymerization catalyst was prepared by dissolving 0.425 g or 
blstetrryttetrarraity^ dimethyl In 60 ml of pentane and adding dropwlse 5 ml of a 

toluene solution containing 0.125 g of 7,WIcanbaundecaborane(13). A bright yellow solid precipitated Ifrom 
solution. After fifteen minutes, the solid was filtered off, washed with pentane and dried. The yield of product 
was 0.502 g. A portion of the product was analyzed and Identified as bls(etrryttetramethytcyctopentadle- 
nyl)rratrryt(dodecahycW^ 
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EXAMPLE 4 

In this example, ethylene was polymerized using a portion of Ihe cataryst produced in Example 2 by 
dissolving 50 mg of the cataJyst In 100 ml of toluene and transferring the catalyst solution under a nitrogen 
atmosphere Into a stirred, steel 1 (iter autoclave which was previously flushed wfth nitrogen. The autoclave was 
pressured with 300 pslg ethylene and stirred at 60*C. After thirty minutes, the reactor was vented and opened. 
The yield of linear polyethylene formed was 2235 g. 

EXAMPLE 5 

In this example, ethylene was polymerized with the catalyst produced In Example 3 by dissolving 50 mg of 
the catalyst In 100 ml of toluene and transferring the catalyst solution under a nitrogen atmosphere into a 
stirred, steel 1 Bier autoclave which was previously flushed with nitrogen. The autoclave was pressured with 
400 pslg ethylene and stirred at 40*C. After one hour, the reactor was vented and opened. The yield of linear 
polyethylene formed was 74.6 g. 

EXAMPLE 6 

In this example, ethylene was again polymerized with a portion of the catalyst produced In Example 2 by 
dissolving 75 mg of the cataryst In 100 ml of chlorobenzene and transferring under a nitrogen atmosphere into 
a stirred, steel 1 Uter autoclave whfch was previously flushed with nitrogen. The autoclave was pressured with 
150 pslg ethylene and stirred at 40° C. After twenty minutes, the reactor was vented and opened. The tield of 
linear polyethylene formed was 3.3 g. 

EXAMPLE 7 

In this example, ethylene was polymerized with an active cataryst formed (n situ by dissolving 80 mg of 
bls(pentamethylcyclopentad!enyl)zirconlum dimethyl and 35 mg of 1,2-dicarbaundecaborane(13) in 20 ml of 
dichloromethane. Ethylene was then bubbled through the solution at atmospheric conditions for one minute 
and the slurry then poured into an excess of ethanoJ. The polyethylene formed was filtered off, washed with 
water and acetone and dried. The yield of polyethylene was 1.6 g. 

EXAMPLE 8 

In this example, an active catalyst was prepared by reacting bis(pentamethylcyclopentadienyl)zirconium 
dimethyl (46 mg) with octadecaborane(22) (20 mg) In toluene (5 ml). There was considerable gas evolution. On 
passing ethylene through the solution for one minute, the solution grew hot. The vial was opened and acetone 
added to precipitate the polymer, which was filtered off, washed with acetone, and dried. The yield of polymer 
Isolated was 0.32 g. 

EXAMPLE 9 

In this example, an active catalyst was prepared by reacting bls(pentajnethylcyclopentadienyl)zirconium 
dimethyl (40 mg) with tri(n-butyt) ammonium tridecahydrido-7-carbaundecaborate (30 mg) In toluene (50 ml) in 
a serum-capped round-bottomed flask. The solution turned from colorless to orange-yellow. On passing 
ethylene through the solution for 1 minute, the solution grew hot as polymer precipitated from solution. 

EXAMPLE 10 

In this example, an active catalyst was prepared in an NMR tube by combining 50 mg of 
bis(pentamethylcyclopentadienyl) zirconium dimethyl and 40 mg of tri(n-butyt)ammonIum 1-carbadodecabor- 
ate In 1 ml of hexadeuteriobenzene and placing the solution into the NMR tube. The disappearance of starting 
material was then observed by 1 H NMR spectroscopy and when the starting materials had disappeared 
ethylene was injected Into the NMR tube. Solid polymer precipitated from the solution. 

EXAMPLE 11 

In this example, an active catalyst was again prepared In an NMR tube by dissolving 100 mg of 
bfsI1.3-bls(trimethylsilyg cyclopentadienyljzirconlum dimethyl and 60 mg of trl(n-butyl) ammonium 1-carba- 
dodecarborate in 1 ml of hexadeuteriobenzene and then placing the solution into the NMR tube. The 
disappearance of starting materials was observed In the *H NMR spectrum. When ail of the starting zirconium 
compound had disappeared, ethylene was Injected into the tube and solid polymer precipitated from solution. 

EXAMPLE 12 

In this example, an active cataJyst was again formed in an NMR tube by dissolving 100 mg of 
(pentamethylcydopentadlenyf) (1 >bU(Mmetr^ S [IyI)(^opentad]errynzirconium dimethyl and 70 mg of 
tt(n-butyl)ammonIum 1-carbadodecaborate in 1 ml of hexadeuteriobenzene and then placing the solution In 
the NMR tube. Disappearance of starting material was followed by *H NMR spectrum and when all of the 
starting zirconium compound had disappeared ethylene was Injected Into the tube. Solid ethylene polymer 
then precipitated from solution. 
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25 



^exam ple an active catalyst was prepared by suspending 80 m 9 bls(pentemethytcvctopentadlenyt)zlr- 
rZZ , dlmethvt and 50 mg ol bls(trt(n-butyl)ammonlu m )dodecaborate In 7 ml ol toluene In a serum capped 
« S tlTsufpe^ton turned IromVolortesa toyellow^reert. BubMng ethylene through the solution 
brX "3 caused a white polymer to form as the solution became warm. The via) was opened and the 
polymer precipitated with ethanol. The yield ol polyethylene was 0.13 g. 

HnlllSnple. an acllve catalyst was prepared by reacting blslpentameth^clopentadler^)^^ 
dime5(45mg) with W(n*uly1)a™orJumu^ 

HnXapped vial. The solution turned from colorless t yellow. On passing ethylene through the solution (or 
30 seconds, the solution grew hot as polymer precipitated. 

g FfsyU. an active catalyst was prepared by suspendlngSO mg 

nvllamortum oUthyl and 90 mg of N,N-dlmethytenillnlum bls(7.eH)lcarbaundeeaboreto)eobal1ate(lll) In 5 ml 
o Keto rTerum^pped vial. The yellow solution tumod organe-vlolet with gas evolution. On passing 

S beS ZSa. The vial was opened and the solids precipitated with ethanol These , were washed 
H Wo l^Z, sodium hydroxide solution, ethanol. ecetone end hexane. The y-eld of polyethylene was 
0.41 g. 

Tm^l ple. an active catalyst was prepared by reacting blsl^ethylcvdopentadieny^ feodum 
dmM (40 mg) with N.N-dlmethylanllinlum bis(7.8-dkarbaundecabo ra to)ferrate(lll) (45 mg) in toluene (10 
SSi, wTSpped vial. On passing ethylene through the solution. the mbrtur. > grewhot, as po^ner formed 
The vU IwMOpTneo and the contents diluted with acetone, then filtered and dried. The yield of polymer 



Isolated with 0.33 g. 
30 EXAMPLE 17 



^ this exam ple, an active catalyst was prepared by reacting Ws(pen am <^£E££KZ*£ 
dimetfwl (40 mg) with tri(n-butyl)ammonlum bl S (7.8-dlcarbaundecaborato)nlckelate (Ifl) (45 mg) ,n toluene (30 
m^nasKapped roundTottomed flask. Ethylene was passed through the solution for one m nute.Tho 
Xton o.ThotVs polymer precipitated from solution. The flask was opened and the contents dSuted with 
35 ace^e. fl rsoM ^ was filtered off. washed with acetone and dried. The yield of isolated pofymer was 
0.48 g. 



40 



S Ftttoe^ple. an active catalyst was prepare by suspending 100 m^^ 
nium dihydrtde and 180 mg of N.N-dlmethylanilinlum bls^camaundecaborato) eobahate II) hlOO I o» 
toluene In a 250 ml round bottomed flask capped with a rubber septum. Ethylene was bubble Ithroug* .the 
sXTon for 10mlnutes.The flask was opened, the conten.spouredlntohaxane.flttered offend dried. Theyleld 



of polymer was 2.98 g. 
45 EXAMPLE 19 



Tthlsexam ple. an active catalyst was prepared by suspending 105 mg ol ' W^I^J*^ 
doptmladlenyn^onium dimethyl and 90 mg ol N^lmethytaninnlum M W"*^^^ 
tate(HI) In 50 ml of toluene In a 100 ml round bottomed flask capped wtih a rubber septum Ethylene was 
bubbled ttxougM 
SO evaporated. The yield of polymer was 2.7 g. 



^FthiTiT^nple. en active catalyst was prepared by stirring 50 ^/^ttSS 
dimethyl and 90 mg of N^dlmethyfanlllnlum bls(7.8^caroaundecabomto)cobaltate(lll) In 50 ml of ^toluene m a 
55 lio around bottomed flask oapped vrfth a rubber septum. On P^W«£ * «*** ~ 
obvious raaetlon was observed for one minute, after which a pronounced ^J^*"?" 
minutes, tho flask was opened, the contents diluted with ethanol and evaporated The yield of polymer was 1.9 

0- 

" ^Tm^n fto. ethylene was polymerized by reacting ^^^^^^^ 
90 mg of N.tWlmethylanillnlum bls(7.6xllcart,aundec8t»rBto)cobaltate(ni) In 50 ml ^of toluene ito e 
sep-unUapped found bottomed flast On passing ethylene through the solution, a im»«d MM* 
appearedafter 30 seconds as the solution grew hot. After 10 minutes, the solution was poured Into acetone. 

65 and the polymer filtered off and dried. The yield ol linear polyethylene was 22 g. 
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EXAMPLES rwiKinprized bv reacting SO mg of bis(trlmelhytsnylcycloper»tadlenyt)h3' n * uin 

inlhlsexlmpte. ethylene; was tM~^ ^SSStawd ecabora to) coballate(lll) In 5 mlot toluene m a 
dtoie8tfwi»45rngolN/^t^ 

I^rSXS^ ^ Ktered o, The y*d - - 
polyethylene was 0.35 a. 

EXAMPLE 23 cnoolvmerized In a toluene diluent by adding under a nitrogen 

tn this example, ethylene and ^^^^Sfluihed with nitrogen and containing 40O ml ol -dry. 
atnwsphefetoalKerstaJntess-stee ^^-^^^3^ Spared in situ from 50 mg ol 
oxygenle toluene. 35 m. of a ^^J^^^^M^>^^^, 
btelcyctopentatfenyO^ ms ^er pressurized with 120 psig of 



carbon atoms. 



E XAMPLE 24 ._™,k»™fe»H in a toluene diluent by adding under a nitrogen 

HrnRin5ri*te.e^ 

atroosptere to a 1 liter stainlcas-sted autoclavo f»« 

oxygen-fre. toluene. 50 ^J^^^tT^SSc^i^-^^m 
dimethyl and 45 mg of aN-dimethylaralinlum bls ^^" n .f** jraio ^^ay, was stirred 
wasaXd.o«heau«oclave.whichwas.ur,her J^^^^ 22??^ o, air. The yield of 
at 50- for 20 minutes, then cooled and vented. The ^ en ™ ° and analysis by infra-red 

SSBSS. 5HJT.SBS AME- - — — 




EXAMPLE 25 

In this example, ethylene 
cvclobutane and 88 mg of N,N-dimet! 

EXAMPLE 29 . ^ ^ ,„, rtta n B1 ma of i.blslcvclopentadienyl)2lrcona-3<ruTOthyl- 

nrTthFeSnple. ethylene was ^^^"^iK^Soreto) coUltate(lll) In 20 ml of 
silacydobutane and 87 mg of N.N-dlme KMh ^^^I ne through the solution, polymer 
toluene In a serum-capped round-bottomed I to* On ^^^^ diluted with 

1.41 g. 

EXAMPLE 27 14iis(cvclopentadienyl)hafna^tfmethylslla- 
HnlhlslxaTnple.e^^ c^aKatetlll) In 20 ml of 

154 g. 

^Lpl, e,b*ne was 

n »thyH.3-butadlene) andSflmg of N^ ime,h ^ Mm H b ^t^S^^h graduaBy grew warm, 
of toluene to a serun«8pped bottle. W dnuj. Jta ^ Watered off. 
After 15 minutes, the bottle was opened and the contents diluted wttn mnanoi. 
washed with etr^nol. and dried. The yield of polymer Isolated was 1.67 g. 

^Z) wtih 43 <n» of ^^^^^^^^^^^ 30 
filtered off. washed with ethanot. and dried. The ytetd of po^thytene Isolated was u.<w g. 
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EXAMPLE 30 

In this example, ethylene was polymerized by reacting 55 mg of (pentamethyteyclopentadlenyl)(tetramethyl- 
eta^-mathytene -eta 5 -cydopentadeny0ztrcon!um phenyl and 45 mg of N,N-dlmethytenIDnhjm bls(7,8-dlcar- 
5 baundecaborato)cobettate(IIJ) In 20 ml of toluene b a serum-capped round-bottomed flask. On passing 
ethylene through the solution, polymer formed almost Instantly and much heat was evolved. After 5 minutes, 
the flask was opened and the contents diluted with ethahol The precipitate was filtered off, washed with 
acetone, and dried. The yield of polyethylene Isolated was 0.55 g. 

10 EXAMPLE 31 

In this example, ethylene was polymartzed by reacting 80 mg of (pejitamethytcydc^ntaolenyfjltetramethyl- 
cydopentadienytmethylene)hafnlum benzyl and 60 mg of N,N-dlmethylanlllnlum bls(7.8Kflcarbaundecabor- 
ato)cobaltate(lil) In 50 ml of toluene In a serum-capped bottle. Ethylene was passed through the solution for 10 
minutes. Polymer precipitated as the solution grew warm. The bottle was opened and the contents diluted with 
15 ethanoL The soOd polymer was filtered off. washed with acetone, and dried. The yield of polyethylene Isolated 
was 0.92 g. . 

EXAMPLE 32 

In this example, ethylene was polymerized by reacting 0.42 g of bls(trimethylsnylcyclopentadleny1)hafnium 
20 dimethyl with 0.08 g N.N^imethylanillnhjm bls(7,8-dlcarbaundecaborato}cobaJtate(lll) in 10 ml of toluene. A 
portion of this solution (0.4 ml) was injected under a pressure of 3000 bar of Isopar Into an autoclave 
pressurized to 1500 bar with ethylene and heated to 160° . After 5 seconds the contents of the autoclave were 
discharged. Linear polyethylene (2.1 g) with a weight-average molecular weight of 144,000 and a molecular 
weight distribution of 2.9 was isolated. 
25 While the present Invention has been described and Illustrated by reference to particular embodiments 
thereof, it win be appreciated by those of ordinary skit) in the art that the same lends itself to variations not 
ncessarily Illustrated herein. For this reason, then, reference should be made solely to the appended claims for 
purposes of determining the true scope of the present Invention. 

30 



Claims 



1. Method for preparing a catalyst comprising the steps of: 

35 (a) combining. In a suitable solvent or diluent, at least one first compound consisting of a 

bis(cycJopentadienyl)metaJ compound containing at least one substituent capable of reacting with a 
proton, said metal being selected from the group consisting of titanium, zirconium and hafnium and 
at least one second compound comprising a cation, capable of donating a proton, end an anion 
containing a plurality of boron atoms which Is bulky, labile and capable of stabilizing the metaJ cation 

40 formed as a result of the reaction between the two compounds; 

(b) maintaining the contacting In step (a) for a sufficient period of time to permit the proton 
provided by the cation of said second compound to reed with said substituent contained In said 
metal compound; and 

(c) recovering an actlv j catalyst as a direct product or as a decomposition product of one or more 
45 of said direct products from Step (b). 

2. Method according to Claim 1 wherein said bts(cyclopemadienyt)metat compound may be 
represented by the following general formulae: 

(A-Cp)KX]X 2 (A-Cp)HL and/or 

I — i n 
50 <A-Cp)KX'iX» 2 (Cp*)(CpR)HX| 

Wherein: 

M is a metal selected from the group consisting of titanium (Tl), zirconium (ZrJ and hafnium (HQ; (A-Cp) Is 
either (CpHCp'J or CP-A'-CP' and Cp and Cp* are the same or different substituted or unsubstituted 

55 cyctopentadlenyl radicals, optionally two Independently substituted or unsubstftuted radicals; A' Is a 
covalent bridlng group containing a Group IV-A element; L Is an olefin, dlolefln or aryne llgand; Xi and X2 
are, Independently, selected from the group consisting of hydride radlcals^ydrocarbyl radicals, 
substituted-hydrocarbyf radicals, optionally two tower afkyt substftuents or two hydrides, org ano-me fal- 
low radicals and the Oke; X't and X'2 are joined and bound to the metal atom to form a metaHacycte, m 

50 which the metal. X'i and X'2 form a hydrocartoocycflc ring containing from about 3 to about 20 carbon 
atoms; and R Is a substituent on one of the cyctopentadlenyl radicals which Is also bound to the metal 
atom. 

3. Method according to Ctelm 1 or Claim 2 wherein said second compound may be represented by one 
of the following general formulae: 

[I'-HWaMBX'^bJc. 
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Wherein: 

L'-H Is either H+ , ammonium or a substituted ammonium radical having up to 3 hydrogen atoms replaced 
with a hydrocarbyl or substituted-hydrocarbyt radical, a phosphonlum or substituted-ctosphonium 
radical having up to 3 hydrogen atoms replaced with a hydrocarbyl or substituteoViycfrocarbyl radical and 
the like; B and C are, respectively, boron and carbon; X. XT and X- are radicals selected, Independently, 
from the group consisting of hydride radicals, haflde radicals, hydrocarbyl radicals, organo-metallotd 
radicals and the like; a and b are Integers i 0; c Is an Integer fc1;a + b + c = an even-numbered 
Integer from 2 to about 8 ; and m Is an Integer ranging from 5 to about 22* and/or 

(L'-Hlf[[(CX3MBX4)m-(Xfi^|C-J 2 M^J«J- 
Wherein: 

L'-H Is either H+. ammonium or a substituted ammonium radical having up to 3 hydrogen atoms replaced 
with a hydrocarbyl or substitutecWrydrocarbyl radical, a phosphonlum or substltuted-phosphonium 
radical having up to 3 hydrogen atoms replaced with a hydrocarbyl or subslrtuted-hydrocajbyt radical and 
the IDce; B. C. M and H ere. respectively, boron, carbon, a transition metal and hydrogen; Xj. X« and Xs are 
radicals selected, independently, from the group consisting of hydride radicals, haflde radicals 
hydrocarbyl radicals, organo-metalloid radicals and the like; a' and b' are the same or a different integer 
£ 0; c* Is an integer £ 2; a + b' +" c* « an even-numbered Integer from 4 to about 8; m' Is an integer 
from 6 to about 12; n Is an Integer such that 7tf - n = d; and d Is an Integer 1. 

4. Method according to any of the preceding claims wherein the contacting of step (a) Is accomplished 
at a temperature within the range from about - t00*C to about 300*C, preferably at from 0 to 45,000 psig. 

5. Method according to any of the preceding claims wherein said second compound is represented by 
the general formula: 

IL'-H][(CH)„(BH) bx )cx. 
Wherein: 

L'-H is either H* , ammonium or a substituted-ammonium optionally tri-subsffiuted radical having up to 3 
hydrogen atoms replaced with a hydrocarbyl or substituted-hydrocarbyl radical, a phosphonlum or 
substrtuted-phosphonium radical having up to 3 hydrogen atoms replaced with a hydrocarbyl or 
substituted-hydrocarbyl radical and the like; B, C, and H are, respectively, boron, carbon and hydrogen- 
ax Is either 0 or 1 ; cx Is either 2 or 1 ; ax + cx « 2; and bx is an integer ranging from 1 0 to 12. 

6. Method according to Claim 6 wherein said second compound is selected from the group consisting 
. of blsltri(n-butyi} ammonium) dodecaborate and tri(n-buiyl) ammonium 1-carbaundeca or 1-carbadode- 

caborate and said first compound Is selected from the group consisting of bisfpentamethylcyclopentadie- 
nyf)2irconium dimethyl, (pentamethylcycfopentadienyf) (cyclopentadienyl)zirconium dimethyl and 
1 1 ,3-bls{trlmethyls3lyl)cyclopentadienyl]zirconlum dimethyl. 

7. Method according to any of Claims 1 to 4 wherein said second compound Is represented by the 
following general formula: 

[L'-H]{(CH)8y{BH)niyH&y)CY- 

Wherein: 

I'-H is either H+. ammonium or a substituted-ammonium, optionally tri-substituted, radical having up to 3 
hydrogen atoms replaced with a hydrocarbyl or substttuted-riydrocarbyl radical, a phosphonlum or 
subslituted-phosphonium radical having up to 3 hydrogen atoms replaced with a hydrocarbyl or 
substituted-hydrocarbyl radical and the like; B, C and H are. respectively, boron, carbon and hydrogen* ay 
Is an integer from 0 to 2; by Is an Integer from 0 to 3; cy is an Integer from 0 to 3; ay + by + cy « 4 • and 
mx is an Integer from 9 to 18. 

8. Method according to Claim 7 wherein said second compound Is selected from the group consisting 
of tri(rvbutyfj ammonium 7.8^lcarbaundecaborate and m'(n-buryl)ammonium t/Idecahydrldc-7-carbaun- 
decaborate in which case preferably the firs' compound Is blsfpentame^clopentadienyljzirconium 
dimethyl and/or wherein L'-H is H* preferably 7,8^carbaundecaborane|13) or octadecaborane{22) In 
w ich case optionally said first compound Is selected from the group consisting of btefperrta/nethycy- 
ctopentadienyOzirconium dimethyl and bteletoyftetnwunriylcyd^ dimethyl 

9. Method according to any of Claims 1 to4 wherein said second compound may be represented by the 
following general formula: 

n.'-HJH((CH)a l |BH) w Hb 2 )cz.J 2 M2« + jax. 
wherein: 

L'-H is either H+, ammonwm or a substituted ammonium radical having up to 3 hydrogen atoms replaced 
with a hydrocarbyl or substmjted4iyoVocarbyt radical, a phosphonlum or substltuted-phosphonium 
radical hawg up to 3 hydrogen atoms replaced with a hydrocarbyl or substituted-hydrocarbyl radical and 
the Dke; B C H and MZ are. respectively, boron, carbon, hydrogen and a transition metal; az is an Integer 
from 0 to 2; bz wan Integer from 0 to 2; cz is either 2 or 3; mz Is an integer from 9 to 11;az + bz + 
cz « 4; and nz and dz are, respectively, 2 & 2or 3 & 1. 

10 Method according to Claim 9 wherein said second compound Is N/WlmethyMinium 
Dfs{ur>*Kxm^rKio-7,8^carte^ cobaftateflll) and/or wherein said first compound Is 

selected from the groups consisting of 1-bis(cyclopentarfier^)manla^ 
i-Dis(c^open)adienyl)zi^ and 1-t4s(cyclopentacrrenYl)hafr«^rr«thyV 

s.lacyclobutane, bfs(cyctopentadienyl) zirconium (2><fimethyf-1 ^-butadiene) and blsfcyctopentadienyt) 
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hafnIum(2.3^Jimethyl)*1 I 3-butadjene). (penten^thykydopentadienyl) (tetrajneth)1e>xtopeMad!enytme- 
thytene)2irconiym phenyl and (pentamethylcyclopcntadienytj (lelramethytcyclopentadlsnytme- 
mytene) hafnium benzyl; or wherein said second compound is selected from the group consoling of 
N,N-dlmethylan3lnJum bis(7,8^rarbaundecaboreio)nk*elate(IIO and N,N-dlmetty!artIHnlum bls(7,8-<fl- 
carbaundecaborato) f errate(HI) In which case preferably said first compound Is bls(pentamethylcyctopen- 
tadtenyljzlrconlum dimethyl 

It. Method for polymerizing an a-olefln, a dlolefin and/or an acetylenlcaJly unsaturated compound 
containing from 2 to about 18 carbon atoms efther alono or'ln combination with one or more other 
monomers comprising the steps of: 

(a) contacting at a temperature within the range from about -100° C to about 300* C and at a 
pressure within the range from about 0 to about 45,000 pslg. an olefin, dlolefin and/or an 
ecetytertfcaHy unsaturated monomer either alone or In combination with one or more other 
monomers In a suitable carrier, solvent or diluent with a catalyst prepared previously or In situ during 
polymerization by a method according to any of the preceding claims; 

(b) continuing the contacting of step (a) for a sufficient period of time to polymerize at (east a 
portion of said olefin; 

(c) recovering a polymer product. 

12. A catalyst prepared by a method according to any of Claims 1 to 10. 

13. Polyolefln produced fn accordance with the method of claim 11. 

14. Composition of matter containing compounds represented by the following general formula: 
. (A-CplMXtB' 

Wherein: 

M Is a metal selected from the group consisting of titanium (Tl). zirconium (Zr) and hafnium (Hf); (A-Cp) Is 
either {Cp)(Cp') or CP-A'-Cp* and Cp and Cp* are the same or different substituted or unsubstituted 
cyclopentadienyi radicals; A' is acovaient bridging group containing a Group IV-A elemental Is selected 
from the group consisting of hydride redlcals. hydrocarbyl radicals, organo-merelloid radicals and the like; 
and B' is a compatible non-coordinating anion which may be represented by one of the following general 
formulae: 

[{CXWBX'InvXMc* 
wherein: 

B and C are. respectively, boron and carbon; X and X' and X* are radicals selected. Independently, from 
the group consisting of hydride radicals, haflde radicals, hydrocarbyl radicals, organo-metaHoid radicals 
and the like; a and b are integers > 0; c is an integer £ 1 ; 

a + b + c a an even-numbered integer from 2 to about 8; and m Is an Integer ranging from 5 to about 22; 
and 34 

(illCXj) r (BXOm(Xs) b 0c*-)2Mn + }d- 

Whereln: 

B, C and M aro, respectively, boron, carbon and a transition metal; Xj, X4 and X* are radicals selected, 
independently, from the group consisting of hydride radicals, hallde radicals, hydrocarbyl radicals, 
organo-metailold radicals and the (ike; A' and b' are the same or a different Integer £ 0; C Is an Integer £ 
2;a' + b'+ c' = an even-numbered integer from 4 to about 8,crt Is an Integer from 6 to about 12 ;n Is an 
integer such that 2c* - n - d; and d is an Integer 1. 

15. Composition of matter according to Claim 14 wherein (A-Cp) is a Wsfperalkyl-substituted 
cyclopentadienyi); X Is an alkyl group ; B' Is (dodecahydrld>7,6-dlcarbaundecaborato) and M Is 
zirconium and wherein each of the alkyl groups In the peraJtyt-subslHuted cyclopentadienyi radicals are. 
independently, C1-C20 alkyl radicals and the aikyt group Is a C1-C20 alkyl radical, the peralkyl substitution 
being preferably pentamethyf or ethyltetramethyl and the alkyl radical being preferably a methyl radical. 
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